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ackground: The Rh system is considered as the most complex among the human blood group systems, 
with 61 antigens identified to date. This study aimed to provide preliminary data on the distribution of Rh 
alleles and phenotypes among Saudi women and compare them with other ethnic groups.  
Methods: This retrospective cross-sectional study was conducted among Saudi women who visited the Maternity 
and Children Hospital of Hail from November 2019 to March 2020. A fully automated blood bank analyzer was 
used in determining the Rh subgroups (D, C, c, E, e) and phenotypes. Inferential statistics and chi-square tests 
were used appropriately for comparisons. 
Results: The study included a total of 500 Saudi female patients. The most prevalent antigen found was the “e” 
antigen, while phenotype CcDee has shown to have the highest frequency. A significant difference exists in 
comparison with the other studies from various ethnic groups. 
Conclusions: The prevalence and distributions of Rh alleles and phenotypes among Saudi women were revealed 
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Introduction  
The Rh system is considered as the most complex 
human blood group, with 61 antigens identified to date 
[1]. The D antigen, which is the most immunogenic of all 
antigens, underscores its clinical importance. In addition, 
clinically important Rh antibodies are relatively common 
in pregnancy, and patients requiring transfusion [2]. 
Additional four antithetical Rh antigens – C and c, and E 
and e comprise the system’s principal antigens.  
Among the 61 Rh antigens that have been 
characterized, these five antigens account mainly of the 
clinically significant antibodies of the Rh system [1-3]. 
Routine donor and patient typing results in the 
detection of D only. However, the majority of Rh 
incompatibilities are mainly caused by the five principal 
antigens [4,5] Rh-negative recipients that are transfused 
with Rh-positive blood are likely to develop anti-D in 
more than 50% of cases [1,6]. The prevalence of 
alloimmunization in Rh-negative females with Rh-
positive fetus was a significant risk before the availability 
of Rh Immune Globulin (RhIg) prophylaxis [1]. The 
increasing number of multi-transfused patients in our 
society reflects the prevalence of red cell alloantibodies. 
Factors such as the need for transfusion for certain 
diseases, the growing disparity of red cell antigen 
distribution between red cell donor and recipient 
population, and immunogenicity of particular blood group 
antigen increase the tendency of alloantibody 
development [7,8]. To resolve or confirm antibody 
identification, testing the other common antigens is 
performed. Antibodies of the Rh system are considered 
clinically significant that can cause hemolytic disease of 
the fetus and new-born (HDFN) and transfusion 
reactions [1]. 
Determination of Rho status, including weak D in 
obstetric patients, is critical [2]. They are valuable in 
transfusion centers both in routine and advanced clinical 
practice [9-11]. Distributions of blood groups varies 
across different races. Certain ethnic groups may 
possess distinctive blood groups and can display 
disparity in prevalence among other groups worldwide 
[8]. In a study which comprises of 600 Saudi nationals in 
Riyadh, it was identified that DCcee (28.7%) among the 
RhD positive, and dccee (13.7%) among the RhD 
negative blood donors, were the most common 
phenotypes [9]. 
Presently, a minimal number of studies on Rh antigens 
and phenotypes, specifically among Saudi women, are 
available in the Kingdom. Our study aimed on providing 
preliminary data on the Rh alleles and phenotypes 
among the Saudi women population. These data could 
be valuable in the Identification of the distinct Rh 
phenotypes or subgroups in the Hail population. 
Knowledge of their distribution can also aid in finding 
antigen-negative blood for alloimmunized patients.     
Methods 
This is a retrospective cross-sectional study conducted 
on a hospital-based Blood Bank of Maternity and 
Children Hospital in Hail, Saudi Arabia, from November 
2019 to March 2020. The study population comprises of 
500 Saudi women of different age groups ranging from 
age 18-55 that were randomly selected. Rh subtyping 
and phenotyping were performed using the TangoTM 
Optimo, a fully automated blood bank analyzer.  An 
EDTA anticoagulated blood (3 ml) sample was used in 
the analysis. The principle is based on microplate 
hemagglutination that detects the corresponding red cell 
antigens. The antigens on the red cell precisely react 
with the corresponding antibodies on the wall cavities. 
Agglutination indicates a positive reaction, while a 
negative reaction shows non-agglutination.  
Collected data were entered and analyzed using 
SPSS v 20.0. Variables such as Rh antigens, alleles, and 
phenotypes were observed and expressed as 
frequencies and percentages. Statistical tools like the 
chi-square tests and inferential statistics were employed 
to compare the antigens prevalence and their 
distributions from the different ethnicities. 
The study protocol was reviewed and approved by the 
ethics committee of the College of Medicine, University 
of Hail, Saudi Arabia. Further, written permission was 
obtained from the laboratory director of Maternity and 
Pediatric Hospital in Hail. 
Results 
The study included a total of 500 Saudi female patients. 
Of which 93.4% (467) was RhD positive, while 6.6% (33) 
was determined as RhD negative. The overall 
prevalence rate of the other Rh antigens C, E, c, and e 
were 76.4%, 29.4%, 73%, and 97%, respectively 
(Table1), where antigen e (97%) as the most prevalent 
while antigen E (29.4%) as least antigens observed. 
Moreover, among the RhD positives in the study 
population, the most frequent was antigen e (97%), while 
antigens c and e was determined to be present in all 
RhD-negatives. Table 1 shows the prevalence of 
antigens in the study population. 
Overall, CcDee (32.2%) was found to be the 
commonest phenotype observed in our population, 
followed by CCDee (26.6%), while the least common 
was Ccddee, which accounts for 0.8% and CCDEe for 
0.2%. Among the RhD positives, the CcDee phenotype 
has the highest rate, while ccddee phenotype among the 
RhD negatives (Table 2). Noticeably, some phenotypes 
were not present in the study population but existed in 
other ethnicities. A comparison of Rh phenotype 
frequencies with those other ethnic populations is 
presented in Table 2.  
 
Discussion 
Determining the minimum level of stocks and the blood 
products that is required most in a given population is 
crucial. Antigens on red cells are highly variable. It is, 
therefore, essential for the transfusion institute to assess 
and define the frequencies of antigens to ensure 
transfusion safety [12,13]. 
After an extensive search, the authors believed that no 
data exist or study conducted on this subject from this 
region, mainly among women. We compared our data 
with those other international data and similar studies 
outside and within the Kingdom [13-19]. The results of 
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this study found out that they were fairly consistent with 
the other studies. 
The RhD positive in this study was 93.4%, while 6.6% 
was RhD negative. This result is consistent with the 
study of Talib et al. [13] among Saudi obstetric patients 
in Riyadh and other studies of different ethnicity (Table 
1). However, differences were observed in the frequency 
of the other Rh antigens as compared to other studies 
[14-16,18,19]. The prevalence of C antigen in this study 
was found to have minor differences among other 
studies but substantially higher than the study from 
Nigeria. However, the lower frequency was observed on 
c antigen as compared to the study from Cameroon, 
Nigeria, and Palestine (Table1). The prevalence of E and 
e antigen in this study was found to be consistent with 
the data published internationally (English) [8,20] and 
with the other ethnic populations. Furthermore, we also 
observed the distribution of the other four (4) Rh antigens 
according to D status. It was found that the proportions 
of D positive and D negative individuals vary according 









































For instance, there was a higher positivity of C antigen 
(81.2%) among D positive individuals as compared to D 
negative individuals (12%). In contrast, all D negative 
individuals in the study population were positive for c 
antigen (D−c+ = 100%, D+c+ = 71.3%). Similarly, 
antigen E positivity differs depending on their D status 
(D+E+ = 31.3% D−E+ = 0). But for the distribution of e 
antigen, there were no substantial difference in terms of 
RhD status (D+e+ = 97%, D−e+ = 100%). These patterns 
of findings were similar to the studies conducted among 
blood donors in Saudi Arabia [9,20]. A similar pattern 
was also observed from the studies made to other ethnic 
groups (Table 1). 
Distribution of Rh phenotype varies across the racial 
and geographical location. The commonest phenotype 
found in this study was CcDee (R1r). Similarly, the study 
of Elsayid et al9 in Riyadh derived the same findings. 
Furthermore, the results of this study agree with the 
international published data among Caucasians and 
Blacks but not with Asians (CCDee, R1R1) [7,21]. 
Conversely, Rh phenotype distributions among other 

















D RH1 467 93.4 97.6 94.9 92.9 92.6 
C RH2 382 76.4 77.7 87.5 25.8 73.8 
E RH3 147 29.4 21.7 21.4 28.4 41.8 
c RH4 365 73 99.4 61.2 92 82 
e RH5 485 97 99.4 98.6 98.5 97.5 








Table 1: Frequency of red cell Rh antigens in the study population and other ethnicities 
Rh Phenotypes Percentage prevalence of phenotypes 










R1R1 CCDee 133 26.6 0.6 38.8 15.6 
R2R2 ccDEE 14 2.8 0.6 1.4 0.82 
R1r CcDee 161 32.2 24.8 32.7 26.2 
R2r ccDEe 47 9.4 19.3 5.2 9.8 
R0r ccDee 27 5.4 50.5 2.6 14.8 
R1Rz CCDEe 1 0.2 * * 1.6 
R1R2 CcDEe 84 16.8 1.8 14.2 22.1 
RzRz CCDEE 0 * * * 0.82 
R2Rz CcDEE 0 * * * 0.82 
Total Rh D Positive 467 93.4 97.6 94.9 92.6 
r'r Ccddee 4 0.8 * 1.8 0.82 
rr ccddee 29 5.8 2.4 * 0.82 
r'r' CCddee 0 * * 2.7 * 
r”r” ccddEE 0 * * 0.6 * 
r’r”(ryr) CcddEe 0 * * * 5.7 
Total Rh D Negative 33 6.6 2.4 5.1 7.3 
Table 2: Frequency and percentage of Rh phenotypes in this study population and other ethnicities 
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ethnicities (Table 2) differ from our study. CCDee 
(R1R1), ccDee (R0r), and CcDee (R1r) were commonest 
and leading phenotypes found in Pakistan, Cameroon, 
and Palestine, respectively. Noticeably, there were also 
differences observed among the D negative phenotypes. 
Our study agrees with the findings of Elsayid et al. [9] 
among blood donors that ccddee (rr) as the commonest. 
A similar result was also noted in Cameroon while 
Pakistan and Palestine study revealed that CCddee (r’r’) 
and CcddEe (r’r”) as the commonest phenotypes, 
respectively. 
Alloimmunization is an existing problem and remains 
a challenge to transfusion safety and practice. It is one 
of the most relevant post-transfusion complications 
associated with transfusion delays, HDFN, and 
hemolytic transfusion reactions, which can be fatal in 
some cases [22]. Antibodies of the Rh system are 
commonly associated with alloimmunization. The study 
of Klapper et al. [23] observed that females are more 
likely to develop alloimmunization than males. It is 
believed that females, especially in developing countries, 
are anemic, and pregnancy is an important risk factor for 
alloimmunization [24]. In the study of Singer et al [25], it 
was demonstrated that transfusions involving blood that 
are matched phenotypically for the Rh system, was 
proven effective in the prevention of alloimmunization 
than bloods that are matched phenotypically for the 
ABO-D system only. In Western countries like France, 
Norway, and Finland, blood transfusion of non-
phenotyped is prohibited in women of childbearing age 
[26,27].  
Regular phenotyping not only limits the possibility of 
alloimmunization, especially among women in the 
reproductive age, but also creates a simple database of 
all common and unusual phenotypes that would be 
readily available when needed. When choosing the most 
appropriate reagents and phenotyping techniques, and 
in developing strategies for genotyping, knowledge on 
the variants in a specific population is critically vital [28]. 
The data generated in this study is useful in mapping the 
Rh phenotypic profile among women, finding antigen-
negative compatible blood for alloimmunized patients, 
and in preparation of indigenous panel cells. 
The prevalence and distributions of Rh alleles and 
phenotypes among Saudi women were revealed in this 
study. The findings showed that a diversity of Rh alleles 
and phenotypes exist across various races and regions 
globally. A larger scale of the population on this subject 
is recommended to establish a comprehensive database 
to define distinctly the Rh phenotypic profile of the 
population, which would be essential in the formulation 
of guidelines on testing and transfusion of blood among 
women in the reproductive age. 
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